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Indian  Standard 

METHOD  FOR  MEASUREMENT  OF 
PRESSURE  BY  MEANS  OF  MANOMETERS 

0.    FOREWORD 

0.1  This  Indian  Standard  was  adopted  by  the  Indian  Standards  Institution 
on  30  March  1979,  after  the  draft  finalized  by  the  Fluid  Flow  Measure* 
ment  Sectional  Committee  had  been  approved  by  the  Civil  Engineering 
Division  Council. 

0.2  Pressure  measurement  in  conduits,  open  vessels  and  closed  vessels  is 
encountered  whenever  fluids  are  in  use.  Pressure  measuring  devices  vary 
according  to  the  type  of  sensing  elements,  indicators  and  recorders  used. 

0.3  Manometers  are  primary  devices  used  for  the  measurement  of  pressure. 
They  are  simple  in  principle  and  operation  and  direct  in  indication  involv- 
ing only  a  length  measurement. 

0.4  This  standard  is  one  of  the  series  of  standards  on  methods  of  measure- 
ment in  closed  conduits.  Other  standards  published  so  far  in  the  series 
are: 

IS :  2951  ( Part  I  )-1965  Recommendation  for  estimation  of  flow  of 
liquids  in  closed  conduits :  Part  I  Head  loss  in  straight  pipes 
due  to  frictional  resistance 

IS :  2951  ( Part  II  )-1965  Recommendation  for  estimation  of  flow  of 
liquids    in  closed  conduits:  Part  II  Head   loss  in  valves  and 

fittings 

IS :  2952  ( Part  I  )-1964  Recommendation  for  methods  of  measure* 
ment  of  fluid  flow  by  means  of  orifice  plates  and  nozzles :  Part  I 
Incompressible  fluids 

IS :  2952  ( Part  II  )-1975  Recommendation  for  methods  of  measure* 
ment  of  fluid  flow  by  means  of  orifice  plates  and  nozzles :  Part  II 
Compressible  fluids 

IS :  4477  ( Part  I  )-1967  Methods  of  measurement  of  fluid  flow  by 
means  of  venturi  meters:  Part  I  Liquids 

IS  :  4477  ( Part  II  )-1975  Methods  of  measurement  of  fluid  flow  by 
means  of  venturi  meters :  Part  II  Compressible  fluids 
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IS: 91 15-1979    Method  for  estimation  of  incompressible  fluid  flow 
in  closed  conduits  by  bend  meters 

IS:  9119-1979    Method  for  flow  estimation  by  jet   characteristics 
( approximate  method) 

0*5  In  reporting  the  results  of  a  test  or  analysis  made  in  accordance  with 
this  standard^  if  tho  final  value,  observed  or  calculated,  is  to  be  rounded 
off,  it  shall  be  done  in  accordance  with  IS :  2-1960*. 


1.  SCOPE 

1.1  This  standard  details  the  methods  for  measurement  of  pressure  by 
means  of  various  types  of  liquid  column  manometers.  It  also  covers  the 
requirements  of  the  various  components,  dimensions,  mounting  and  types 
of  manometers. 

1.2  This  standard  does  not  deal  with  precision  and  micro-manometers. 

2.  TERMINOLOGY 

2*0  For  the  purpose  of  this  standard,  the  following  definitions  shall  apply. 

2.1  Absolute  Pressure  —  The  pressure  measured  relative  to  perfect 
vacuum. 

2.2  Cistern  —  A  bowl  of  large  cross  section  where  manometric  liquid  is 
stored  (  see  Fig.  1 ). 

2*3  Differential  Pressure — The  pressure  difference  between  two 
selected  points  in  a  fluid  circuit. 

2.4  FiapifiH«fr«y — The  function  whereby  the  pressure  of  the  manometric 
liquid  in  both  limbs  of  a  manometer  is  made  equal.  The  cock  provided 
for  this  purpose  is  called  equalizing  cock. 

2*5  Gauge  Point  or  Psexometric  Opening  —  The  opening  on  a  vessel 
or  conduit  at  which  pressure  measurement  is  required  to  be  made 
(««Fig.  1). 

2.6  Gauge  Pressure  — The  pressure  as  indicated  by  the  gauge. 

2.7  Manometer  —  A  device  used  to  measure  pressures  and  pressure 
differences  in  liquid  at  rest,  or  in  liquids  flowing  in  closed  conduits. 

2*8  Manometric  Liquid  —  The  liquid  used  in  manometers  for  pressure 
measurement. 

♦Rules  for  rounding  off  numerical  values  ( raised). 
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EXH 


PRIMING 
COCK   C3 


EQUALISING 
COCK  C4 


ISOLATING 
COCK  C? 

TO   GAUGE  POINT 
LOWER  PRESSURE 


6LASS 
tUBE 


_    SCALE  ZERO 
^    ADJUSTMENT 


Ju  and  Js  Glass  to  Metal  Joints  with  Seals  Detachable 
Fro.  1     Line  Sketch  for  Universal  Manometer 

2.9  Meniscus  —  The  common  interface  of  a  liquid  with  another  liquid  or 
gas  inside  a  tube. 

2.10  Negative  Pressure  —  The  difference  between  atmospheric  pressure 
and  the  absolute  pressure. 

2.11  Priming  — The  process  by  which  the  liquid  is  made  to  nil  all  the 
connecting  tubes  and  manometer  space  without  void.    This  requires  the 
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provision  of  escape  vents  for  entrapped  air  and  gases  and  these  escape 
vents  are  controlled  by  stop-cocks  called  priming  cocks. 

2.12  Vapour  Pressure 

will  tend  to  form. 


■  The  pressure  below  which  bubbles  of  vapour 


3.  PRINCIPLE  OF  METHOD  OF  MEASUREMENT 

3.1  Fluid  pressure  at  a  point  is  measured  by  balancing  against  a 
hydrostatic  column  of  manometric  liquid  inside  a  small  bore  of  a  trans- 
parent tube.  The  length  of  manometric  liquid  column  is  measured  by 
reading  the  level  of  the  corresponding  meniscus  along  a  scale. 

4.  MEASURING  RANGE 

4.1  The  maximum  length  convenient  for  reading  is  about  1  500  mm  and 
the  heaviest  manometric  liquid  is  mercury.  As  such,  the  maximum 
pressure  difference  that  a  manometer  can  conveniently  read  is  about 
two  atmospheres. 

For  pressures  higher  than  two  atmospheres  manometers  in  series  may 
be  adopted  ( set  Fig.  2  ). 


-LIQUID  WHOSE  PRESSURE 
p  IS  TO  BE  DETERMINED 


:UQU(D    WITH  SPECIFIC 
WEIGHT  Y2 


T 

1 


LIQUID  WITH  SPECIFIC 
WEIGHT  Y, 

P- /».  +  »£,  (yi-Ys)- £aYi 
where  n  is  the  number  of  U-tubes 

Fio.  2    Manometer  with  Number  of  Tubes 

4.2  The  minimum  length  that  can  be  read  on  a  scale  normally  fixed  to 
such  manometers  is  about  0*5  mm  without  the  aid  of  a  vernier  scale  and  as 
such  the  minimum  pressure  that  can  be  measured  corresponds  to  0*5  mm 
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height  of  the  respective  manometric  liquid  column.  By  using  a  vernier  its 
sensitivity  can  be  increased.  In  case  of  inclined  tube  manometers  and  draft 
gauges  where  an  amplification  of  scale  by  a  factor  of  up  to  10  is  usually 
possible  the  minimum  pressure  that  can  be  measured  corresponds  to 
0*05  mm  height  of  the  respective  manometric  liquid  column. 
4.3  Vertical  column  manometers  may  be  used  for  pressure  difference  above 
20  mm  height  of  manometric  liquid  column.  When  the  pressure  difference 
is  less  than  20  mm  use  of  an  inclined  manometer  with  an  amplification  up  to 
10  is  recommended.  When  the  pressure  difference  is  less  than  5  mm  of 
manometric  liquid  a  micromanometer  is  recommended. 

5.  TYPES  AND  CLASSIFICATION  OF  MANOMETERS 

5.1  The  various  types  of  manometers  covered  in  this  standard  are  as 
follows : 

a)  Piezometer  tube  or  single  tube  manometers  ( Fig.  3  ); 


3A 
OPEN    VESSEL 


S±3& 


3C 
CLOSED    PIPES 


3D  3E 

CLOSED    PIPES 


Fio.  3    Piezometer  Tubes 
b)  Double  column  or  U-tube  manometers  ( Fig.  4  ); 


4A    ORDINARY    U-TUBE 

MANOMETER 

Fio,  4    Double  Column  or  U-Tubb  Manometers 


4B   DIFFERENTIAL    U-TUBE 
MANOMETER 


IS:  9118 -1979 

c)  Cistern  and  universal  manometers  (Fig.  1  and  5  ); 


"z* 


YJ 


5A    Ordinary  Cistern  5B    Mercurial 

Manometer  Barometer 


sa 


5C    Differential  Cistern 
Manometer 


Fig.  5    Cistern  Manometers 


d)  Inverted  U-tube  manometer  (  Fig.  6 ); 


Fig.  6    Inverted  U-Tube  Manometer 
8 


e)  Inclined  tube  manometer  (  Fig.  7 );  and 

-Y, 


^INITIAL  LEVEL  IN 
THE  CISTERN   AND 
INCLINED  LIMB 
Fio.  7    Inclined  Tube  Manometer 
f)  Draft  gauge  (Fig.  8). 

-Y. 


Fig.  8    Draft  Gauge 

5.2  Classification  of  Manometers  — All  the  above  types  of  manometers 
are  classified  according  to  their  use  as  follows. 

5.2.1  Ordinary  Manometers  —  measure  the  pressure  in  a  pipe  or  vessel 
containing  a  fluid  by  a  transparent  tube  having  one  of  the  ends  inserted  in 
the  pipe  or  vessel  and  the  other  end  open  to  atmosphere.  The  pressure 
measured  is  relative  to  atmospheric  pressure.  The  manometer  is  placed 
vertically.    These  are  also  called  the  piezometric  tubes. 

5.2.2  Differential  Manometers —  measure  the  difference  of  pressure  between 
any  two  points  on  a  pipe  line  running  full  by  connecting  both  ends  of  the 
transparent  tube  to  the  two  points.  Any  differential  manometer  may  be 
used  as  an  ordinary  manometer  if  one  of  the  ends  of  the  transparent  tube  is 
left  open  to  atmosphere. 
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6.  GENERAL  REQUIREMENTS 

6*1  Manometric  Liquids  —  The  liquids  satisfying  the  following  charac- 
teristics may  be  used  as  manometric  liquids: 

a)  The  liquid  shall  be  physically  and  thermally  homogeneous  and 
free  from  grit  or  suspended  material  and  of  a  single  phase. 

b)  The  liquid  shall  be  immiscible  non-adhesive   and   non-reactive 
with  other  fluids  and  parts  of  the  manometer  in  contact  with  the 

liquids. 

c)  The  liquid  meniscus  shall  be  clearly  visible  and  well  defined. 

d)  The  liquid  shall  be  safe  for  handling. 

e)  The  specific  weight  of  the  liquid  at  the  ambient  temperature  shall 
be  known. 

f )  The  liquid  used  should  not  evaporate  quickly. 

Some  of  the  manometric  liquids  commonly  used  are  mercury,  water, 
alcohol  and  oils. 

€.2  Transparent  Tubes 

6.2.1  The  transparent  tubes  in  single  column  manometers  shall  be  of  a 
minimum  diameter  of  8  mm  for  mercury  and  10  mm  for  water  and  oil  to 
minimize  errors  due  to  capillary  action.  Smaller  bore  tubes  may  be  used 
in  two  column  manometers.  They  may  be  of  glass  or  of  flexible 
polyethylene  or  PVG  tubing. 

6.2.2  Glass  transparent  tube  shall  be  made  of  thick  walled  tube  to 
withstand  the  pressure  and  mechanical  handling. 

6.2.3  The  ends  of  glass  tubes  shall  be  cut  and  ground  smooth  so  that  the 
edges  shall  not  damage  the  seals  in  handling. 

6.2.4  The  tube  shall  not  be  subjected  to  pressure  more  than  the  safe 
specified  pressure  for  the  given  material  and  diameter  of  the  tube* 

6.3  Scale  and  Cursor 

6.3.1  The  scales  for  U-tube  manometers  shall  be  marked  in  millimetres 
for  a  reading  accuracy  of  0*5  mm. 

6.3.2  The  scales  for  cistern  manometers  shall  start  with  zero  at  the  bottom 
and  shall  be  mounted  such  that  the  scales  are  vertically  adjustable  for 
zero. 

6.3.3  The  scales  shall  be  marked  in  millimetres  and  where  required  the 
spacing  of  graduation  shall  be  so  adjusted  as  to  compensate  for  zero  error 
due  to  the  area  ratio  of  the  tube  and  cistern.  Where  manometers  are  used 
along  with  pressure  difference  systems,  the  scale  shall  be  calibrated,  if 
required)  to  read  in  units  of  flow  rate. 
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6.3.4  The  scale  shall  carry  a  cursor  so  that  the  meniscus  is  read  without 
parallax  error. 

6.3.5  A  vernier  should  be  attached  to  the  scale,  when  an  accuracy  up  to 
01  mm  is  desired. 

6.4  Materials  of  Manufacture 

6.4.1  The  materials  of  manufacture  shall  be  so  selected  that  the  fluids  in 
contact  shall  not  damage  any  part  of  manometer. 

6.4.2  The  cisterns  and  other  parts  shall  not  contain  micropores  through 
which  liquid  may  ooze  out  or  air  may  leak. 

6.5  Sealing  Device  Assembly  and  Mounting 

6.5.1  The  transparent  tubes  shall  be  fixed  using  sealing  devices  such  that 
the  tube  shall  be  free  to  move  laterally  to  a  small  extent  to  provide  for 
thermal  expansion  of  metal  parts  when  used  and  at  the  same  time 
preventing  any  leakage  from  the  manometer. 

6.5.2  The  screwed  parts  shall  carry  sealing  washers  of  material  like 
polyethylene  or  rubber  to  prevent  leakage. 

6.5.3  The  stop-cocks  used  shall  be  leak-proof.  These  should  have 
adequate  scaling  to  withstand  twice  the  positive  or  negative  pressure  to  be 
tested. 

6.5.4  The  parts  of  the  manometer  shall  be  vertically  mounted  on  a 
rectangular,  seasoned  board  of  teak  wood  or  metal  or  suitable  material  of 
sufficient  thickness,  with  the  transparent  tube  parallel  to  one  edge  except 
in  the  case  of  inclined  tube  manometer.  The  axis  of  transparent  tube 
should  be  always  parallel  to  the  mounting  board  in  all  types  of  manometers. 

6.5.5  The  mounting  board  shall  be  provided  with  eyes  or  brackets  for  wall 
mounting  or  feet  for  standing  on  the  floor. 

6.5.6  The  mounting  boards  of  inclined  tube  manometers  shall  be  provided 
with  a  spirit  level  and  levelling  screws  such  that  the  horizontal  plane  may  be 
ascertained  for  error  free  measurement  of  the  angle  of  inclination  of  the 
transparent  tube. 

6.6  Accessories  such   as  Priming  Cock,  Equalizing  Cock,  Filling 
Plug,  Drain  Plug,  Trap  or  Catchpots 

6.6.1  Equalizing  and  Priming  Cocks  —  These  shall  be  provided  where 
necessary  ( see  2.4  and  2.11 ). 

6.6.2  Filling  plug  shall  be  provided  at  a  convenient  location  to  enable 
filling  of  manometric  liquid. 
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6.6.3  Drain  plug  shall  be  provided  at  the  lowest  point  in  the  system  to 
enable  draining  the  inside  during  idle  periods. 

6.6.4  Traps  or  catchpots  shall  be  provided  at  entrance  to  both  limbs  of 
manometer,  so  that  during  a  faulty  operation,  the  escaping  manomotric 
liquid  may  be  collected  in  the  traps  and  avoid  waste.    These  are  optional. 

6.6.5  All  the  accessories,  including  the  connections  should  be  perfectly 
leak-proof. 

6.7  Test  Pressure  —  The  manometers  with  ends  closed  shall  be  tested 
normally  to  withstand  twice  their  full  range  static  pressure.  Differential 
manometers  which  are  to  be  used  in  high  pressure  lines  shall  be  tested  for 
a  pressure  double  the  maximum  value  that  may  be  encountered  in  the  line. 

7.  PRINCIPLES    AND    COMPUTATIONAL     FORMULAE     FOR 
DIFFERENT  TYPES  OF  MANOMETERS 

7.1  Piezometer  Tube  (  see  Fig.  3 ) 

7.1.1  The  balancing  liquid  column  is  contained  in  a  transparent  tube 
one  end  of  which  is  open  to  atmosphere  and  the  other  connected  to  the  side 
of  the  vessel  containing  the  fluid  the  pressure  of  which  is  to  be  measured 
(  see  Fig.  3 A ).  Height  of  liquid  in  the  tube  is  proportional  to  the  pressure 
at  the  gauge  point.  Pressure  head  ( A )  may  be  directly  read  from  the 
graduations  on  the  tube  or  on  the  scale  attached  to  it.  This  is  an  ordinary 
manometer. 

P~vZ 

where 

Y  ™  the  specific  weight  of  liquid,  and 
p  «  the  intensity  of  pressure. 

7.1 .2  The  pressure  head  ( h )  at  any  section  of  a  pipe  running  full  with 
liquid  is  also  read  direcdy  by  piezometer  tube  as  shown  in  Fig.  3B  and 
3C.    These  are  also  ordinary  manometers : 

h-Z 

P  =  yZ 

7.1.3  Two  Piezometers  —  Tubes  serving  as  a  differential  manometer  (  see 
Fig.  3D  and  3E  ).  Two  separate  piezometer  tubes  are  inserted  at  the 
two  points  1  and  2,  between  which  the  difference  of  pressure  is  required  to 
be  measured.  The  difference  in  the  levels  of  liquid  in  the  two  tubes  denote 
the  pressure  difference.  This  method  is  useful  for  low  pressure  liquid 
pipes. 

Differential  pressure  head,  A  «  % 

Differential  pressure,  p  =  yZ 
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7.2  Double-Column  or  U-Tube  Manometer  —  If  the  pressure  to  be 
measured  lies  in  a  range  beyond  the  scope  of  piezometer,  a  double  column 
or  U-tube  manometer  is  used  ( see  Fig.  4 ).  The  liquid  in  the  U-tube  must 
be  more  dense  than  the  fluid  in  the  pipe  and  immiscible  with  it. 

7.2.1  Ordinary    U-Tube    Manometer  —  This  is  shown  in  Fig.  4A.    If  a 
pressure  balance  at  the  bottom  of  the  manometer  scale  is  taken: 

*  +  Yi(&-&)  +  Y,^-/>a+Y2&  (0 

#-*  +  *■  (<&-&) -*(*•--&) (2) 

where 

p  mm  fluid  pressure  in  the  pipe, 

Y!  »  specific  weight  of  the  pipe  fluid  at  the  temperature  ot  the 
manometer  connection, 

Y  «*  specific  weight  of  the  manometric  liquid, 

p*  =■  atmospheric  pressure  at  the  level  of  the  right  limb, 

( Z\ "~  Z*  )  ■  difference  in  level  of  the  manometric  liquid  in  the  two 
limbs,  and 

(Zt—  Zt)  ■■  height  of  pipe  fluid  above  the  left  limb. 

7*2.2  Differential  U-tube  manometer  is  shown  in  Fig.  4B.    Making  a 
pressure  balance  at  the  base  of  the  manometer  at  £  =  0,  we  have 

Pi+  (Z*-Zt)fi  +  Ztf*  =  P%+  (&-&)Yi+  Zttt     (3) 

Pi~Px~{Zl-  Z%)-<z  +  (&-<&)Yt-  (£•  -  &)Yi W 

where 

pith***  fluid  pressure  in  the  respective  pipes, 

Yi»  Ys  —  specific  weights  of  respective  pipe  fluids  at  the  tempe- 
rature of  the  manometer  connection, 

yt  =  specific  weight  of  manometric  liquid, 

(  Z\  ~  Zt  )  ^  tnc  difference  in  level  of  the  manometric  liquid  in  the 
two  limbs, 

( Zi,  —  Zi )  ~  height  of  centre  line  of  pipe  above  the  meniscus  in  the 
right  limb,  and 

(  Zt  •"  Z% )  =  height  of  centre  line  of  pipe  above  the  meniscus  in  the 
left  limb. 

7.2.2.1  If  the  two  gauge  points  are  at  the  same  level,  and  Yi  ■■  Yt 

Z*  =  Za 

then  Ap  -  (Zi  -  Zt)  (Ta  -  Yi) 

13 
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where 

Aj&  **  the  differential  pressure  measured  »  ^  —  ^, 

( >^i  «—  Zi )  =*  difference  in  level  of  the  manometric  liquid  in  the  two 
limbs,  and 

( Yd  —  Yi )  —  difference  in  specific  weights  of  the  pipe  fluid  and  the 
manometric  liquid. 

73  Cistern  Manometer  —  In  this  device,  shown  in  Fig.  5,  the  area  of 
one  limb  of  a  U-tube  manometer  is  made  substantially  larger  in  the  form 
of  a  closed  cistern.  The  zero  of  the  scale  is  made  to  coincide  with  the  level 
of  manometric  liquid  in  the  cistern  by  manual  adjustment. 

Then  £a  is  zero,  and 

/,as/'a  +  ^iY»-^a  Yi     *°r     an     ordinary      cistern      manometer 

(«*Fig.  5A). 

7.3.1  Mercurial  Barometer  —  If  the  tube  of  an  ordinary  cistern  manometer 
is  closed  at  the  top  and  filled  with  mercury  and  the  open  end  placed  in  a 
cistern  open  to  atmosphere,  a  mercurial  barometer  is  obtained,  as  shown  in 
Fig.  5B.  The  space  in  the  tube  above  the  mercury  is  filled  only  with 
mercury  vapour  at  the  saturation  pressure  /v  corresponding  to  the 
temperature.    A  pressure  balance  at  the  cistern  level  gives: 

/>a«£Y+*v  (6) 

7.3.1.1  Since  the  vapour  pressure  of  mercury  is  very  small,  it  may  be 
neglected.    Thus, 

7.3.2  Differential  Cistern  Manometer  —  Adopting,  £t  =  0  in  equation  (4) 
(«#Fig.  5G). 

Pi  -  P2  -  Zi  Ys  +  (  Z*  -  Z\ )  Ya  -  Ze  Yi    (7) 

If  Yi  =  Ys 

At-A-£iYi  +  (&-&-£i)Yi         (8) 

tf  Yi  —  Ys  and  Zz  »  Zi 

AA=^i-^=^i(Y3-Yi)  (9) 

where 

A  p  —  differential  pressure  measured, 

Zi  *»  height  of  column  of  manometric  liquid  above  its  level 
in  cistern,  and 
y,  —  yi  =  difference  in  specific  weights  of  the  pipe  fluid  and  the 
manometric  liquid. 
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7.3.3  Universal  Manometer  —  This  is  a  cistern  type  differential  manometer 
provided  with  controls  such  that  it  may  be  used  also  as  an  ordinary 
manometer.  A  line  sketch  is  shown  in  Fig.  1.  It  may  be  used  to  measure 
the  pressure  difference  of  both  liquids  and  gases.  When  used  to  measure 
the  pressure  difference  of  liquids,  the  cocks  Cv  C%i  Cz  and  C4  are  used  to  vent 
the  lines  to  remove  entrapped  gas  and  also  to  equalize  pressure  in  both  limbs 
to  check  the  zero  reading  on  the  scale.  The  equalizing  cock  C4  and  prim- 
ing cock  C8  must  be  closed  before  taking  readings.  The  scale  is  mounted 
such  that  its  position  may  be  adjusted  vertically  to  enable  zero  adjustment. 
The  parts  are  mounted  on  a  rigid  base  of  teak  wood  or  metal. 

7.3.3.1  Since  the  manometer  is  rugged  and  reliable  and  also  conve- 
nient for  use,  this  is  recommended  for  measurement  of  steady  or  only  slowly 
varying  pressure  up  to  2  atmospheres. 

7*3.3.2  The  formulae  in  7.3.2  will  apply  in  this  case  also  for  working 
purposes. 

7.3.4  Zero  Error  in  Cistern  Manometers  —  It  is  essential  that  the  zero  of  the 
scale  is  made  to  coincide  with  the  top  of  the  liquid  level  in  the 
cistern  in  all  cases  where  readings  are  taken.  Otherwise  a  zero  error  is 
introduced.  When  this  is  not  possible,  a  zero  error  is  introduced.  The 
readings  shall  then  be  corrected  as  follows  to  obtain  true  values: 

where 

Z  ■■  the  true  reading  from  the  level  of  the  liquid  in  the  cistern, 
Z\  ™  the  apparent  reading  read  from  the  zero  of  the  scale, 
a  =  the  area  of  cross  section  of  the  tube,  and 
A  «  the  area  of  cross  section  of  the  cistern. 

The  value  of  Z  IO  obtained  shall  be  used  for  £i  in  equations  7,  8 
and  9. 

7.3.4.1  The  area  ratio,  Afa  shall  at  least  be  100  for  standard  cistern 
manometers  so  that  for  the  possible  sensitivity  of  ±1/4  mm  for  such  instru- 
ments, no  zero  adjustments  need  be  made  for  readings  not  differing  by  more 
than  50  mm,  since  the  error  range  falls  within  the  sensitivity  range. 

7.4  Inverted  U-Ttibe  Manometers  —  If  the  two  piezometer  tube  in 
reference  7.1.3  are  connected  from  the  top,  it  will  form  an  inverted  U-tube 
manometer  ( see  Fig.  6 ),  useful  for  measuring  pressure  difference  when  one 
or  both  the  limbs  are  under  negative  pressure. 

7.4.1  An  exhaust  tube  connected  with  a  stop-cock  is  to  be  provided  at 
the  top  of  inverted  U-tube,  so  that  compressed  air  or  any  other  fluid  which 
is  lighter  than  the  liquid  in  the  pipe  may  be  used  as  manometric  liquids. 
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7.4.2  If  a  pressure  balance  at  the  top  of  the  inverted  U-tube  is  taken 
then: 

A  ~  Ya  (  Zi  -  Zl )  -  Ya  Zx  -  Pi  -  Yi  (  Z*  -  &  )  ~  Ys£s     ».(10) 

Pi-Pt-  rAZt  -  £.)  -  Y2  (&  -  Zi)  -y»(Zi-  Z%)  ...(ii) 

If  Ys  compared  to  yi  and  ya  is  negligible  as  when  air  is  used  as 
manometric  fluid. 

Pi  -  h  -  Yi  (  Z*  ~  Z%)  "  Ys  (  Z*  -  Zx )  (12) 

when 

Yi  •»  Ys 

Pi-Pn**fi[{Zi-  &)-(&-  Z*)l  -ftlZi-  Z*)-Q*) 
when 

Yi  =  Ya  and  y8 

is  negligible  compared  to  Yi  and  Ys 

Pi  =  p2  =  vi(Zi-Z2)-{Z*-Zz)       (H) 

when 

Yi  ~  Y2>  Zs  "■  Za* 

(A  -  A)  -  Ui  -  Z%)  (Yi  -  Ys  )  (15) 

when 

Yi  «■  Y*»  Zi  **  Z*  and  y»  is  negligible: 

( A  -  A )  -  (  Zi  -  Zi)ti  (16) 

where 

px  a  fluid  pressure  in  the  pipe  at  right  ( see  Fig.  6 ), 
p%  wm  fluid  pressure  in  the  pipe  at  left, 
Yi  «  specific  weight  of  fluid  in  the  pipe  at  right, 
Yt  ■»  specific  weight  of  fluid  in  the  pipe  at  left, 
Ya  ™*  specific  weight  of  manometric  liquid, 
(  Zi  ~~  Zi )  ""  height  of  fluid  column  at  left  limb, 
( Zi  ~~  Z% )  "*  difference  in  levels  of  manometric  liquid,  and 
( Z»  —  Zi )  —  height  of  liquid  column  in  the  right  limb. 

7.5  Inclined  Tube  Manometer 

7.5.1  This  is  a  cistern  type  manometer  where  the  transparent  tube  and 
scale  are  not  vertical,  but  inclined  to  the  horizontal  at  angle  a  ( see  Fig.  7  ). 

Zi  —  L.    Sin  a 
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7.5.1.1  Taking  a  pressure  at  the  manometric  liquid  level  in  cistern 

Px  +  Zs  Yi  -  Pt  +  (  Z*  -  Zx)  Ys  +  Zx  Y,  (17) 

A-A--&Yi  +  (-&-  Zx)  Ys  "  ^.Yi  (18) 

7.5.1.2  This  equation  is  the  same  as  equation  7  and  as  such  all  formulae 
applicable  to  a  cistern  type  manometer  including  that  for  zero  error 
correction  hold  good  for  inclined  tube  manometer  also. 

7.5.1.3  The  advantage  of  the  inclined  tube  manometer  is  that,  that  a 
small  height  Z\  is  derived  from  a  length  L  and  an  angle  «.  As  the  angle  a 
is  made  smaller  the  length  L  increases.  The  value  of  a  is  so  selected  that 
the  ratio  LfZi  is  a  convenient  number  such  as  10  where  sin  s-0'1  or 
«  «  5-72?. 

7.5.1.4  When  the  inclined  tube  manometer  is  used  as  an  ordinary 
manometer,  one  end  of  the  transparent  tube  is  open  to  atmosphere  and 

P%  "  fa  Z*  —  Z\ 

thenft~/>a  =  £lY,-  &Yl  (19) 

7.5.1.5  If  yi  is  negligible  as  when  gas  pressure  is  measured,  then 

pi  —  P*  =  Ys  Zx  =  Ys  ^sina  (20) 

7.5.1.6  %sro  error  —  Referring  to  7.3.4: 

/»-^-T.«.(l  +  ^Ei)-ft(l  +  ^)i»«    (2D 

7.6  Draft  Gauge  —  This  type  is  used  for  measuring  furnace  drafts. 

7.6.1  This  is  also  an  inclined  tube  manometer  where  the  higher  pressure 
is  applied  at  the  end  of  the  transparent  tube  and  the  lower  pressure  at  the 
cistern  end;  one  end  is  always  open  to  atmosphere  (  see  Fig.  8  ).  Only  gas 
pressure  is  measured. 

When  p1  vm  pit  liquid  level  in  both  cistern  and  transparent  tube  is 
same  and  the  scale  reading  is  marked  zero. 

As  pi*=  j&a,  pt  >  p*  and  L  is  the  scale  reading 

Pt-p*~  Y^-Y^na  (22) 

When  p%  =  p»,  Pi  <  pt  and  L  is  the  the  scale  reading 

p*-p1  =  tZ  =  lLSm* (23) 

7.6.2  Z*n  Er™  —  Referring  to  73.4: 

^i  —  />»*=Y(l  +  alA  Sinot)  LSina        (24) 

also^a  —  px=*  y(  1  +  flMSina)  LSina (25) 
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